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ABSTRACT / Understanding the vertical distributions of soil
organic carbon (SOC) is key to predicting and simulating
the influences of climate, global change, and human activi-
ties on the terrestrial carbon cycle. SOC was measured at
soil depths of 0 –10, 0 –20, 0 –30, 0 –50, and 0 –100 cm in
2473 soil profiles during China’s second national soil survey
that was conducted from 1979 to 1992. SOC was spatially
extrapolated for China. Mean SOC densities in the top 1 m
ranged from 4.65 kg/m2 for bare ground to 17.32 kg/m2 in
grassland land cover. SOC in the top 1 m of soil was esti-
mated at 82.5  19.5 Pg C. The total SOC pool held in the
top 10, 20, 30, 50, and 100 cm are 22%, 41%, 54%, 74%,
and 100%, respectively. One of the objectives of the study
is to examine the association of SOC content with climate
and to estimate SOC storage in land-cover types at differ-
ent soil depths. A partial correlation analysis shows that
the mean annual precipitation was positively correlated
with SOC content and the mean annual temperature was
negatively correlated with SOC content, across all depths.
The vertical distribution of SOC had a slightly stronger
association with temperature than with precipitation in
China.
Soil is the largest terrestrial carbon (C) pools in the
biosphere, storing 1.5 to 3 times more C than vegeta-
tion. The uncertainties associated with estimating Soil
organic carbon (SOC) is also the largest due in part to
natural soil variability and lack of extensive soil sam-
pling data (Bohn 1982; Post and others 1985, 1990;
Kern 1994; Eswaran and others 1993; Batjes 1996).
Because spatial patterns and total amount of SOC are
very important data for studying soil productivity, hy-
draulic properties, and the cycling of C-based green-
house gases (Kern 1994), the estimation of SOC storage
became one component of quantifying greenhouse
gases net emission for countries that have signed
United Nations Framework Convention on Climate
Change (UNFCCC). Subsequent to the signing of UN-
FCCC, many countries carried out national soil survey
programs and established soil profile databases (Kern
1994; Arnold 1995; Bliss and others 1995; Batjes 1996;
Lacelle 1998; National Soil Survey Office 1998) to serve
as the basis for national estimates of SOC. Since the
1980s, countries have been estimating SOC pools on
regional, national, continental, and global scales (Bohn
1976, 1982; Post and others 1982, 1985; Kern 1994;
Eswaran and others 1993; Batjes 1996; Wang and others
2001) . However, due to the difference in sample de-
sign, analytical techniques, and SOC calculating meth-
ods, there is significant error associated with estimating
total SOC at continental and global scales.
Methods for analyzing SOC have been investigated
and reported by scientists since 1970s (Post and others
1985). Traditionally, the quantity of SOC was calculated
using carbon density estimated from soil samples and
the total soil area. The most appropriate way to study
SOC is on a unit area basis, for a specified depth
interval (Batjes and Dijkshoorn 1999). The vertical dis-
tribution of SOC on global, national, and regional
scales is available at different depth intervals (Kern
1994; Batjes 1996; Jobba´gy and Jackson 2000; Scott and
others 2002). For example, reference depth intervals of
0–20, 0–30, and 0–100 cm have been used in studies of
SOC pools (Kern 1994; Eswaran and others 1993; Som-
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broek and others 1993; Batjes 1996; Batjes and Dijkshroon
1999; Jobba´gy and Jackson 2000; Li and Zhao 2001; Scott
and others 2002). The top 0–30 cm is the layer that is
most directly involved in interactions with atmosphere
and is most sensitive to changes in land-use conversion
and deforestation (Bouwman 1990; Batjes and Sombroek
1997; Batjes and Dijkshoorn 1999). To assess the possible
impacts of land-use and global climate change on SOC
content and the patterns of SOC need to be characterized
at the continental special scale (Batjes and Dijkshoorn
1999). These data are critical for simulated models which
are extrapolating field plot data across the landscape
(Paustian and others 1997). To determine if a C gradient
exists with depth and if this gradient could be modeled in
soils, Huntington and others (1988), Grigal and Ohmann
(1992), and Arrouays and Pelissier (1994) sampled forest
soils by uniform depth increments rather than by pedo-
genetic horizons. SOC levels are dependent on vegetation
(Jenny 1980), which is largely controlled by climate (Li
and Zhao 2001). Jobba´gy and Jackson (2000) examined
the association of SOC content with climate and soil tex-
ture at different soil depths and analyzed the role of
vegetation distribution on the vertical distribution of
SOC.
The SOC content of soil in China has been studied in
many regions; however, there have been few national-
scale assessments of SOC vertical distribution in the coun-
try. Li and Zhao (2001) estimated that there are 10.66 
3.05 Pg SOC (1 Pg 1015g) in the upper 20 cm of soil and
28.7 8.2 Pg SOC in the upper 1 m of soil in tropical and
subtropical China (land area 215 Mha). The vertical dis-
tribution of SOC storage was not characterized for the
other regions of China in their study. Wang and others
(2001) characterized the SOC spatial pattern in China
based on 1:4,000,000 soil map, analytical data from field
plot soil samples, and China’s second national soil survey.
The objectives of this study were to (1) estimate SOC
storage at different soil depths in China and (2) exam-
ine the association of climate, vegetation, and SOC
vertical distribution. This work will reduce the uncer-
tainty of China’s current soil carbon budget and simu-
late the future response of SOC dynamics under various
global change scenarios. We present revised estimates
of SOC densities and stocks in terrestrial ecosystems of
China using soil geographic and vertical attribute data
from China’s second soil survey database (National Soil
Survey Office 1998).
Materials and Methods
Data Collection
China began the second national soil survey to map
and characterize soils at the national scale in 1979 and
completed the survey in 1992 (National Soil Survey
Office 1995; National Soil Survey Office 1998). The
selection of field plots was designed to take into ac-
count the differences in various land-cover types. To
cope with the large diversity of soils, ancillary soils data
were retrieved and appended from published data
sources such as scientific monographs and articles, of-
ficial records, and research reports (National Soil Sur-
vey Office 1998, Wang and others 2001). The soil da-
tabase is composed of 2473 soil profiles and their
properties, which included geographical location,
depth, organic content, altitude, vegetation, terrain po-
sition, parent material, land-use pattern, meterological
index, and bulk density (National Soil Survey Office
1995). Soil physical and chemical properties were re-
corded for subgroups by pedogenetic horizon.
The second national soil survey’s data were classified
by soil pedons, an important base classification unit in
Chinese Soil Taxonomy. Soil pedons are defined as a
soil association with the same or similar characteristics
(Li and Zhao 2001). These important characteristics
can provide a basis for the association of land cover
with soil profiles. We grouped soil profiles based on
each soil profile’s location (e.g., longitude, latitude,
and elevation), land-use pattern, and vegetation cover-
age, into different land-cover types reported by Li and
others (2003). We assigned soil profile data for each
classification category. Soil profiles from field plots
without detailed vegetation land-cover information
were excluded from the analysis.
Calculation of SOC stocks
The 2473 soil samples provide reliable estimations
on carbon content for each land-cover type. Based on
this strategy, we first calculated the carbon content of
soil horizons in the same soil profile. We then used the
depth of each horizon as a weighting coefficient to
derive the average physical and chemical properties of
the soil profiles to a depth of 1 m.
Soil profiles were divided pedogenetically into major
horizon designated by A, B, C, and D to a depth of 100
cm or underlying consolidated bedrock (Li and Zhao
2001). In this study, data from China’s second national
soil survey were converted from pedogenetical horizons
to different depth increment (0–10 cm, 0–20 cm, 0–30
cm, 0–50 cm, and 0–100 cm). The calculation method
of weighted SOC content after conversion have been
previously reported by Li and Zhao (2001) and Palmer
and others (2002). Weighted C densities by depth zone
(0–10 cm, 0–20 cm, 0–30 cm, 0–50 cm, and 0–100 cm)
were calculated for each soil profile as a product of
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depth of horizon, concentration of C, and bulk density
(Wang and others 2001). After weighting, the mean
densities for carbon were calculated by soil unit and
depth zone. Area estimates were then made of soil C
stocks. Although some researches have adopted an em-
pirical relationship between soil depth and C concen-
tration to determine the SOC storage at soil depths to
100 cm and greater (Batjes 1996; Jobba´gy and Jackson
2000; Li and Zhao 2001), in this study soil depths lower
than 100 cm were excluded from the vertical distribu-
tion estimation of SOC storage.
For an individual soil pedon with n interval depth
layers, the SOC density (C d) was calculated as
Cd  HiBiOi (1)
where H i is the thickness (cm) of interval depth i (10,
20, 30, 50, and 100 cm), B i is the weighted bulk density
(g/cm3) of interval depth i, and O i is the weighted soil
carbon content (%) in interval depth i. The average
bulk density value of the soil subgroup is used for soil
pedons without bulk density data. Data were grouped
by land-cover types rather than by soil groups to pro-
vide a better estimate of SOC. Land-cover types provide
more indications of the effects of climate, vegetation,
and human activities on SOC.
We then calculated the average SOC density of land-
cover types:
Cdj 

k  1
n
Cdk
n
, (2)
where C dj is the average SOC density (kg/m
2) of
land-cover type j at one depth interval, k denotes the
soil pedon, C dk is the SOC density of soil pedon k
(kg/m2), and n is the number of soil profiles at one
depth interval. SOC masses for each land-cover type
were obtained by multiplying the carbon content for
each land cover by the area of the respective land cover.
The standard deviation was calculated for SOC content
for each land-cover type.
Error Analysis Method
The error level was calculated for the total carbon
estimation at different depth intervals. We computed
the error range () for the SOC density for each
land-cover type using a t-test according to the method
reported by Wilding and others (2001):
Error 
t  (SD)
n , (3)
Where t is the t distribution value at 0.05 significant
levels (95% confidant interval), SD is the standard de-
viation of the SOC density of land-cover type at one
depth interval, and n is the degree of freedom (number
of samples) for a specific depth. For example, the t
value is 2.021 for 30–40 samples, 2.000 for 40–60 sam-
ples, 1.98 for 60–120 samples, and 1.96 for 120 and
greater sample sizes. The smaller the n is, the larger the
t value and the error range. The total error for China’s
national SOC estimation was calculated by adding the
total error for all land-cover types, which was estimated
by using the area of the land-cover types multiplied by
the error level for each land-cover type.
Table 1. The statistic character of SOC and the association of SOC storage with MAT and MAP by depth interval
SOC content
by depth (cm) Mean SD n
Correlation analysisa
MAT Sig. (two-tailed) MAP Sig. (two-tailed)
0–10 3.24 3.54 855 0.210 (762) 0.000 0.084 (762) 0.021
0–20 5.85 6.44 847 0.231 (754) 0.000 0.070 (754) 0.053
0–30 7.70 8.74 840 0.241 (747) 0.000 0.053 (747) 0.148
0–50 10.38 13.18 764 0.245 (680) 0.000 0.022 (680) 0.574
0–100 12.86 20.48 459 0.196 (423) 0.000 0.003 (424) 0.943
SOC content
by depth (cm) Mean SD n
Partial correlation analysisa
MAT Sig. (two-tailed) MAP Sig. (two-tailed)
0–10 3.24 3.54 855 0.408 (760) 0.000 0.368 (760) 0.000
0–20 5.85 6.44 847 0.426 (750) 0.000 0.373 (750) 0.000
0–30 7.70 8.74 840 0.426 (743) 0.000 0.365 (743) 0.000
0–50 10.38 13.18 764 0.399 (676) 0.000 0.325 (676) 0.000
0–100 12.86 20.48 459 0.324 (420) 0.000 0.263 (420) 0.000
aCorrelation is significant at the 0.01 level (two-tailed). The number in parentheses is the amount of samplers involved.
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Results
Factors Affecting the Vertical Distribution of SOC
Under natural conditions, the distribution of SOC
was controlled by climate, vegetation, parent material,
and soil texture (Sims and Nielsen 1986). In order to
analyze the association of climate and SOC storage, soil
profiles from cropland land cover were excluded in the
analysis. Using statistic software (SPSS Inc.), the corre-
lation of SOC, mean annual temperature (MAT), and
mean annual precipitation (MAP) was examined (Ta-
ble 1). Because there is a very strong positive correla-
tion between temperature and precipitation (R  0.81,
n  2003) (Zhou and others 2003), we adopted the
partial correlation analysis method to examine the as-
sociation of MAT, MAP, and SOC, in which MAT and
MAP was used as controlling variables. As shown in
Table 1, the SOC storage in 0–20 cm was significantly
correlated with climate (P  0.01) in two correlation
analysis methods. The partial association of SOC stor-
age with MAT and MAP was closest in the top 20 cm of
the soil and decreased for deeper intervals. These re-
sults are similar to those reported by Jobba´gy and Jack-
son (2000). In Table 1, MAP was positively correlated
with SOC content across all soil depths, but MAT was
negatively correlated with SOC content across all soil
depths.
These results indicate that SOC storage decreases
with increasing MAT and increases with increasing pre-
cipitation based on correlation analyses (Table 1).
However, according to the general correlation analysis
of SOC content and MAP, the association of SOC stor-
age and MAP is very slightly or not significantly corre-
lated (Table 1). The vertical distribution of SOC had a
slightly stronger association with temperature than with
precipitation (Table 1).
To evaluate the effect of vegetation on the vertical
distribution of SOC, we grouped soil profiles into grass-
land, shrubland, and forest land-cover types. Because
plant functional type significantly alters the vertical
distribution of SOC (Jobba´gy and Jackson 2000), the
SOC content distribution (depth content/0–100-cm
content) was examined in our study (Figure 1). The
relative distribution of SOC in the 0–20 cm of soil was
the largest in forests, intermediate in shrublands, and
lowest in grassland lancover in China (Table 2). In the
top 20 cm of soil, 39%, 46%, and 54% of all SOC are
found for grassland, shrubland, and forest land covers,
respectively. These results indicate that soil in the up-
per 20 cm stores about 40% of total SOC to a depth of
100 cm. Because of the high SOC, the top 20 cm of soil
are likely to be affected by land-use change and natural
disturbances, such as cropping and wild fires.
Figure 1. The proportional distribution of SOC content by different depth (depth content/0–100-cm content).
Table 2. The mean densities and error range of SOC of grassland, shrublands, and forests
Depth (cm)
Grassland Shrublands Forests
n kg/m2  n kg/m2  n kg/m2 
0–10 365 3.09 0.39 162 1.78 0.29 328 4.11 0.39
0–20 361 5.90 0.77 158 3.16 0.52 328 7.10 0.64
0–30 358 7.98 1.27 155 4.02 0.63 327 9.01 .80
0–50 328 11.63 1.88 140 5.23 0.79 296 11.43 1.08
0–100 213 15.16 3.79 91 6.93 1.24 155 13.18 1.59
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Forests have the highest SOC density to the depth of
0–50 cm among three land-cover types (Table 2). Shru-
blands have the lowest SOC content (Table 2). The
SOC content of forests is more than two times of shru-
bland at different depth intervals due to the high bio-
mass of forests. Hence, vegetation type is one of the
most important controlling factors of SOC vertical dis-
tribution. At soil depths of 0–100 cm, the number of
soil profiles involved in the analysis decreased with
depth 35%, 35%, and 48% for grasslands, shrublands,
and forests, respectively. The smaller sample size indi-
cates that there may be larger variation and uncertainty
in SOC storage estimates at soil depths of 50–100 cm
(Table 2).
To further evaluate the comprehensive effects of
climatic on vegetation and SOC storage. We grouped
soil profiles in climatic ranges and compared soil types
within each range. Within each temperature gradient,
precipitation was divided into five ranges (0–200 mm
for arid regions, 200–400 mm for semiarid regions,
400–800 mm for semihumid regions, 800–1600 mm
for humid regions, and  1600 mm for wet regions)
(Figure 2). In total, the SOC storage in the top 20 cm
of soil had a significant negative correlation with MAT
(R  0.43) and a positive correlation with MAP (R 
0.37) (see Table 3). However, SOC in the top 20 cm is
not significantly correlated with MAP and MAT in the
cold region (MAT 0°C) and the humid region (20°
MAT  30°C) at the 0.05 level (P  0.05) in China.
This analysis shows that SOC in cold and humid regions
may also be influenced by others important factors,
such as soil texture, parent rock, and vegetation. As
shown in Table 3, the mean SOC density deceased from
8.79 kg/m2 in cold and arid regions to 4.60 kg/m2 in
the humid, subtropical, and tropical regions with in-
creasing temperature in China. These results indicate
that temperature has the larger influence role on SOC
distribution than precipitation.
In general, SOC storage increases with increasing
annual mean precipitation (0–2,500 mm) and annual
mean temperature (10–30°C) for grasslands, shrub-
lands, and forests in China (Figure 2). With increasing
temperature, SOC content decreases in the top 20 cm
of soil. SOC contents within the 0–10°C temperature
range of all vegetation types are generally the largest for
all precipitation ranges in China (Figure 2).
Estimates of SOC Storage by Land Uses
The SOC contents and error range for 12 land-cover
types are presented in Table 4 and Figure 3. The SOC
density for different depth intervals varies with vegeta-
tion type. The SOC density to a soil depth of 100 cm is
consistently higher in the forest and grasslands soils.
Figure 2. The vertical distribution of SOC as a function of
dominant plant functional type and climate.
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The SOC density of grassland soil is the largest (17.32
4.80 kg/m2), intermediate in soils under mixed forest
and evergreen needleleaf forest (14.37  2.56 and
14.09  4.80 kg/m2, respectively), and smallest in the
deciduous broadleaf forest, evergreen broadleaf forest,
and deciduous needleleaf forest (12.01  4.94, 11.32 
2.64, and 11.41  0.43 kg/m2, respectively). Open
shrubland and bare-ground soils rank the lowest in
SOC (4.78  1.27 and 4.65  1.91 kg/m2). The differ-
ence in SOC between soils under closed and shrubland
woodland is quite small, varying from 10.06  2.20 to
10.84  3.03 kg/m2. The SOC density of wooded grass-
land (8.17  1.74 kg/m2) is similar to that of cropland
(8.71  0.38 kg/m2).
The SOC storage based on 2473 soil profiles
grouped by biome was 18.12  3.35 Pg C, 33.74  5.93
Pg C, 44.48  7.80 Pg C, 61.30  11.40 Pg C, and 82.47
 19.46 Pg C for 0–10 cm, 0–20, 0–30, 0–50, and
0–100 cm soil in China, respectively (Table 5). Accord-
ing to our calculations, the SOC storage is 15.63 Pg C,
10.74 Pg C, 16.83 Pg C, and 21.17 Pg C for soil depths
of 10–20 cm, 20–30 cm, 30–50 cm, and 50–100 cm,
respectively, in China. Approximately 41%, 54%, and
74% of the soil C sequestered in the top 100 cm is held
in the upper 20, 30, and 50 cm of soil, respectively.
Incorporating SOC estimates and the area of biome
coverage at the continental scale showed that the main
contributors to SOC storage at 0–100 cm depths were
open shrubland (with 10.33 2.75 Pg), grassland (with
28.96  8.03 Pg), and cropland (with 15.09  0.66 Pg)
in China (Table 5). Although SOC densities of forests
are higher than croplands, grasslands and open shrub-
lands, the area of forests is very low in China, about
13.49% of the total area.
Discussion and Conclusions
Our study illustrates the distribution pattern and
controlling factors on SOC. SOC in the upper 100 cm
of soil, especially in the upper 20, 30, and 50 cm of soils,
has drawn much attention because of its role in global
C cycling (Bouwman 1990; Batjes 1996; Batjes and Di-
jkshoorn 1999; Jobba´gy and Jackson 2000; Li and Zhao
2001; Scott and others 2002) (see Table 6). For exam-
Table 3. Association of SOC (0–20 cm) with climate by partial correlation analysis
n
T MAP SOC
Mean  R P  R P Mean 
All MAT range 753 (750) 9.76 0.5 0.43 0.000 867 40 0.37 0.000 5.56 0.44
MAT  0°C 41 (38) 1.9 0.7 0.06 0.720 483 62 0.2 0.221 8.79 2.08
0  MAT  10°C 387 (384) 5.0 0.3 0.32 0.000 503 29 0.48 0.000 6.09 0.72
10  MAT  20°C 254 (251) 14.1 0.3 0.44 0.000 1260 56 0.43 0.000 4.50 0.54
20  MAT  30°C 71 (68) 22.3 0.4 0.05 0.671 1668 94 0.17 0.149 4.60 1.13
Note: Only nonagricultural soils are considered.
(Coefficient/(D.F.)/two-tailed Significance). The number in parentheses is the amount of samplers involved.
Table 4. Mean SOC densities of different land-use types by depth intervals in China
Type
0–10 cm 0–20 cm 0–30 cm 0–50 cm 0–100 cm
n kg/m2  n kg/m2  n kg/m2  n kg/m2  n kg/m2 
Evergreen broadleaf forest 27 2.72 0.57 27 5.00 1.17 27 6.73 1.46 27 8.86 1.66 18 11.32 2.64
Evergreen needleleaf forest 70 4.50 1.19 70 7.50 1.68 70 9.45 2.10 63 13.49 3.39 33 14.09 4.80
Deciduous broadleaf forest 42 4.34 0.93 42 7.90 1.71 42 9.88 1.97 38 11.62 2.60 19 12.01 4.94
Deciduous needleleaf forest 10 2.71 0.65 9 4.35 1.27 9 5.42 1.63 8 6.60 2.16 3 11.41 0.43
Mixed forest 126 4.17 0.52 126 7.19 0.92 125 9.15 1.18 119 12.08 1.68 63 14.37 2.56
Woodland 53 4.25 1.14 53 7.34 2.08 52 8.68 2.22 41 8.85 1.97 19 10.84 3.03
Wooded grassland 58 2.18 0.62 57 3.98 1.17 54 4.93 1.62 52 6.92 2.40 40 8.17 1.74
Closed shrubland 77 2.85 0.48 77 5.05 0.85 74 6.55 1.11 63 8.00 1.29 37 10.06 2.20
Open shrubland 85 0.81 0.19 82 1.39 0.28 82 1.94 0.40 77 2.97 0.66 54 4.78 1.27
Grassland 290 3.44 0.47 287 6.58 0.93 287 9.11 1.33 260 13.17 2.28 166 17.32 4.80
Cropland 1534 1.70 0.06 1534 3.23 0.11 1527 4.34 0.15 1490 6.09 0.23 1119 8.71 0.38
Bare ground 39 0.70 0.19 38 1.24 0.31 36 1.68 0.43 31 2.34 0.56 13 4.65 1.91
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ple, Scott and others (2002) aggregated soil profile data
and estimated 1990 SOC at 1154  44 MtC (Mt 
1012g), 1439  73 MtC, and 1602  167 MtC (mean 
SD) for the 0–10-, 1–30-, and 30–100-cm soil depth
increments in New Zealand. Jobba´gy and Jackson
(2000) used the National Soil Characterization Data-
base (NSCD) and the World Inventory of Soil Emission
Potential Database (WISE) to estimate the global SOC
storage in the top 1 m, 2 m, and 3 m of soil, and they
analyzed the associations of SOC by depth interval
(20-cm increments) with climate and soil texture.
Based on the WISE database, Batjes (1996) estimated
Figure 3. The vertical distribution of SOC content under different land-cover types. 1: Evergreen broadleaf forest; 2: evergreen
needleleaf forest; 3: deciduous broadleaf forest; 4: deciduous needleleaf forest; 5: mixed forest; 6: woodland; 7: wooded grassland;
8: closed shrubland; 9: open shrubland; 10: grassland; 11: cropland; 12: bare ground.
Table 5. The total SOC vertical storage by depth in China (units: 1 Pg  1015g)
Type
Area
(106 ha)
0–10 cm 0–20 cm 0–30 cm 0–50 cm 0–100 cm
1015 g  1015 g  1015 g  1015 g  1015 g 
Water 15.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Evergreen broadleaf forest 1.37 0.04 0.01 0.07 0.02 0.09 0.02 0.12 0.02 0.16 0.04
Evergreen needleleaf forest 31.34 1.41 0.37 2.35 0.53 2.96 0.66 4.23 1.06 4.42 1.50
Deciduous broadleaf forest 6.08 0.26 0.06 0.48 0.10 0.60 0.12 0.71 0.16 0.73 0.30
Deciduous needleleaf forest 1.30 0.04 0.01 0.06 0.02 0.07 0.02 0.09 0.03 0.15 0.01
Mixed forest 20.77 0.87 0.11 1.49 0.19 1.90 0.25 2.51 0.35 2.99 0.53
Woodland 60.78 2.58 0.69 4.46 1.26 5.27 1.35 5.38 1.20 6.59 1.84
Wooded grassland 96.26 2.10 0.60 3.83 1.12 4.75 1.56 6.66 2.31 7.86 1.67
Closed shrubland 0.24 0.01 0.00 0.01 0.00 0.02 0.00 0.02 0.00 0.02 0.01
Open shrubland 216.30 1.75 0.40 3.01 0.61 4.21 0.87 6.42 1.43 10.33 2.75
Grassland 167.19 5.75 0.78 11.00 1.55 15.23 2.22 22.01 3.81 28.96 8.03
Cropland 173.14 2.94 0.10 5.60 0.18 7.51 0.26 10.54 0.40 15.09 0.66
Bare ground 111.72 0.78 0.21 1.38 0.35 1.88 0.48 2.62 0.63 5.19 2.13
Total 901.63 18.51 3.35 33.74 5.93 44.48 7.80 61.30 11.39 82.48 19.46
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the mean SOC density and variation of 26 soils in global
scale to a depth of 0–30, 0–50, 0–100, and 0–200 cm.
The SOC was estimated to be 684–724 Pg C in the
upper 30 cm, 1462–1548 Pg C in the upper 100 cm, and
2376–2456 Pg of C in the upper 200 cm. Batjes and
Dijksoorn (1999) estimated that the top 1 m of soil
holds 66.9 Pg C in the Amazon region, of which 52% of
this carbon pool is held in the top 0.3 m of the soil.
In contrast, SOC reserves in the top 20, 30, and 100
cm of soil in China account for about 4.5–6.4%, 5.2–
7.5%, and 4–6.5% of global SOC stocks, respectively
(Eswaran and others 1993; Batjes 1996; Jobba´gy and
Jackson 2000) (Table 6). The land area of China is
about 6.7–7.2% of the global land area (Table 6). The
SOC stock amounts to 4–6% of global SOC, without
considering soils below 1 m depths in China. China’s
soils are estimated to contain 82.48  19.46 Pg C in the
upper 100 cm of soil, which is comparable to the esti-
mate of 80.7  18.6 Pg C for the United States (Kern
1994).
There exists a large SOC stock at soil depths below
100 cm (Batjes 1996; Jobba´gy and Jackson 2000; Li and
Zhao 2001). Although the SOC storage at soil depths of
100–300 cm have been calculated by using an empirical
relationship between soil depth and SOC concentra-
tion (Jobba´gy and Jackson 2000; Li and Zhao 2001), we
did not apply similar methodology to China for estimat-
ing SOC storage at depths greater than 100 cm. There
are only a limited number of soil profiles sampled at
depths deeper than 100 cm in China. As the soil depth
increases from 50 to 100 cm, the number of soil profiles
involved in analysis is reduced greatly (see Tables 2 and
4). The reduction is sample size increases the uncer-
tainties of SOC calculations with increasing soil depth.
Approximately 60% of the soil profiles sampled were
located in agricultural land-use categories. The distur-
bances of agricultural landuse management practices
render these soil profiles unsuitable for studying the
effects of climate on SOC storage in China. Sources of
uncertainty in SOC storage estimates are also related to
differences in sampling methodology, season of sam-
pling, land-use change, and the land-cover classification
system. The standard deviation of SOC content is large,
as observed in other global SOC budgets. Jobba´gy and
Jackson (2000) have reported on the uncertainty of the
vertical distribution of SOC stocks in detail. Constraints
to estimating deep soil carbon storage will need further
consideration.
Burke and others (1989) found that high SOC con-
tent was associated with high precipitation, high clay
content, and low air temperature in grasslands of the
US Central Plains. Precipitation clearly has a direct role
regionally and globally in the amount of stored SOC.Ta
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The relative distribution of SOC with depth was slightly
correlated with climate, with SOC distributed more
deeply as precipitation decreased and temperature in-
creased (Batjes and Dijkshoorn 1999). The association
with precipitation can be largely accounted for by the
replacement of vegetation types along precipitation
gradients (Jobba´gy and Jackson, 2000, Figure 2 in this
article). This suggests that it may be vegetation type
rather than the direct effect of precipitation that deter-
mines changes in the relative vertical distribution of
SOC along a precipitation gradient, a hypothesis that
needs further testing (Batjes and Dijkshroon 1999).
Our study also confirmed these findings.
The negative association between SOC vertical dis-
tribution and temperature was important within vege-
tation types, as illustrated by the decrease of SOC from
cold to tropical forests (Figure 2). The effects of tem-
perature in the analysis might have been even more
pronounced if a climate database with finer resolution
were available (Batjes and Dijkshoorn 1999). This is
also supported by our observation of a decreasing cor-
relation between SOC content and temperature with
depth. Although precipitation and climate were the
best predictors of total SOC in the top 20 cm of soil,
clay content was the best predictor in deeper layers
(Batjes and Dijkshoorn 1999). This relationship will
need further study in China.
Our study allows putting reasonable bounds on SOC
stocks for China, providing useful baseline data for
studying effects of recent land use changes on SOC
dynamics at the regional level. However, the spatial
variability in the content of SOC that may occur within
a given major soil group, and its various subunits, re-
main high.
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